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Complete EOS for beta-HMX
and Implications for Initiation
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Motivation

® Mesoscale simulations of initiation
Resolve hotspots and use chemical reactions
rather than coarse grain model

® Constitutive properties are input
Need thermal and mechanical properties
Need chemical reaction rates

® Estimates of phase space for initiation
Check on compatibility of EOS and reaction rate
Indication of physics that needs to be modeled



® Available EOS data
Mechanical data
Shock experiments
Isothermal compression experiments
Thermal data
Specific heat
Expansion coefficient
Theoretical estimates
Molecular dynamics
Quantum chemistry

® Reaction rate
Single Arrhenius rate from calorimetry experiments
Multiple reactions fit to cook off experiments
Tarver-McQuire three step model
“Global chemical decomposition model”
Henson et. al.

® Initiation
Temperature on shock Hugoniot
Multiple shocks for desensitization
Estimates of hotspot temperature
Dominant dissipative mechanism 7
Growth mechanism for hotspots
Deflagration 7



Mechanical Data

References

1. Isothermal data

Olinger, B., Roof, B. and Cady, H. (1978),

The linear and volume compression of g-HMX and RDX,
in Proc. Symposium (Intern.) on High Dynamic Pressures,
[C.E.A., Paris, France], pp. 3—8.

Yoo, C.-S. and Cynn, H. (1999),
Equation of state, phase transition, decomposition of g-HMX,

J. Chem. Phys. 111, pp. 10229-10235.

Menikoff & Sewell (2001),

Fitting Forms for Isothermal Data,

High Pressure Research 21 pp. 121-138.
http://tl4web.lanl.gov/Staff/rsm/preprints.html#IsothermFit

2. Hugoniot data

S. Marsh, ed. (1980),

LASL Shock Hugoniot Data, [Univ. Calif. press].
http://lib-www.lanl.gov/ladcdmp/shd.pdf

Craig, R. G. (1974),

Data from shock initiation experiments,

[Technical Report M-3-QR-74-1, Los Alamos Scientific Lab.].
Alternatively,

Travis & Campbell, 8th Symposium on Detonation.

Mader, Numerical Modeling of Explosives and Propellants, p. 218.



P (GPa)

Us(mm/ us)
o - N (OX] N [6)] (o)} ~ aa ©

45

40

35

30

25

20

15

10

o

Mechanical Data

T T T T
O
[o]
L o _
[o]

L o _
L N _
I I I I
0.5 0.6 0.7 0.8 0.9 1.0
V/VO

[ [ [ [ [ [
| | | | | |
0.0 0.5 1.0 1.5 20 25 3.0

Up(mm/ us)

Isotherm

e, YOO & Cynn

o, phase transition
o, Olinger et. al.

Hugoniot
¢, solvent pressed
¢, single crystal

Lines are model EOS

velocities for isotherm

Uy, = /(P —Po)(Vo— V)

— W
Us = 120,




Thermal Data
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Free Energy for Complete EOS

FV.T) = /V av PO(V) - o) /T/Qd—T (- —T)CV(T)

7

" Ve

cold curve thermal component

where Birch-Murnaghan form for T'= 0 isotherm

Po(V) = 3K (5772 —n3) [1 4 (K5 — 4) (2 — 1)
n = V/Vo,compression ratio
Ko = isothermal bulk modulus at T =0 and V =14
_ dKT:o‘
dP lv=y

Ko

Specific heat of form Cy(V,T) = CA’V(T/H(V))
T3
co + 1 T2 + T2 + C3f3

Ov(T) =

“Debye temperature”

o(V) = 90(%)aexp[b (Vo — V)/V]

gives Gruneisen coefficient

V do V
rV)= —— —ag+4+b—
() Qd‘/ @ [/O



Temperature on Shock Loci
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Shock Heating

Compare single shock to same pressure
as two weaker shocks

Geometric Interpretation
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Reaction Rates
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Comments

® 500 < T < 800K
Phase transition important
either 8 — § or melting
L/Cy ~ 200K
AV/V ~210%
Need to incorporate phase transition in EOS

® High temperatures, T' 2 2000 K
(von Neumann spike temperature)
Standard rates for HMX are too large
Conjecture — pressure dependence to rate
from high density limits mobility of atoms

® Growth of Hotspots
AT from pressure wave too low
Growth from deflagration controlled by
Thermal conductivity & surface area
Estimated regression rate too low
Resolution problem for mesoscale simulations
Critical question for modeling
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